Run: 152845, Event: 3338173
Date: 2010-04-12 16:56:44 CEST

p,(K-) = 40 GeV
n(uy-) = 2.0
E mss=41 GeV

-

eview W-uv candidate
D, 2010 in 7 TeV collisions




BNL Physics Analysis on ATLAS BAOOHDUEN,

3 BNL has built a strong foundation for physics analysis
extensive expertise in detector, software, and performance
lead analysis software tool development

3 The physics prospects drive our efforts:
active in physics analysis since the beginning of ATLAS
performance activities lead directly into physics analyses

current focus is on the initial data
® Standard Model physics

® backgrounds to signatures of new physics

long-term interests are in searches for
new physical phenomena

3 Leadership roles:

Physics Group Co-Conveners
® Higgs: Assamagan (2008-10)
® SUSY: Redlinger (2009-11)

® Heavy lons: Steinbergll (2008-10)

U.S. ATLAS Physics Forums
Redlinger (BSM/SUSY), Snyder (egamma)

Paper authors, editors, & reviewers

3 Collaborative Activities:
work with U.S. and foreign institutions
productive collaborations with BNL theorists
BNL physicists supervise students from lowa State, Johannesburg, Oregon

|| supported by Nuclear Physics
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First Collisions to First Papers BROMAOMEN,

® First broad look at particle production Steinberg !
iIn minimum bias reactions
O important for understanding detector performance
O crucial for tuning Monte Carlo event generators
© BNL contributed to trigger efficiencies and
comparisons with other experiments in
collaboration with DESY, Freiburg, UC London

® Now measuring two-particle correlations between

h d icl . I . . Candidate
charged particles in collaboration with Glasgow , Collision Event
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v/S = 7 TeV Physics Papers in 2010

BROOKHIAEN

NATIONAL LABORATORY

O(1) nb—1

JetEtmiss
Begel, Ma,
Majewski,
Paige’, Pleier

Combined
Muon

Adams*,
Assamagan,
Nikolopoulis,
Yamamoto

EGamma
Performance

Snyder, Tarrade

1 supported by High Energy Theory
1 supported by US ATLAS Operations
|| supported by Nuclear Physics

___graduate student (supervised by BNL personnel)

lead analyzer or editor

Michael Begel

BNL Contributions to ATLAS Physics

May 20, 2010



VS = 7 TeV Physics Papers in 2010 ~ =reewsnwm,

O(1) nb~ 1 O(10) nb—1
JetEtmiss Observation
of Jets
Begel, Ma,
Majewski, Begel, Majewski,

Paige’, Pleier Paige’

Combined
Muon
Adams*,
Assamagan,
Nikolopoulis,
Yamamoto
Observation
of W /Z
Assamagan,
Nikolopoulis,
Tarrade,
Yamamoto 1 supported by High Energy Theory
EGamma 1 supported by US ATLAS Operations
Performance || supported by Nuclear Physics

Snyder, Tarrade ___graduate student (supervised by BNL personnel)

lead analyzer or editor
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VS = 7 TeV Physics Papers in 2010 ~ =reewsnwm,

O(1) nb—1 O(10) nb—1 O(100) nb—1
JetEtmiss Observation Azimuthal
Begel Ma of Jets Decorrelations
Majewski, Begel, Majewski, In Dijets
PaigeT, Pleier PalgeT BegeL Majewski’
Paige’
Combined
Muon
Adams*,
Assamagan, Inclusive u
Nikolopoulis, i
Yamamoto Adams*,
Observation Redlinger
of W /Z
Assamagan,
Nikolopoulis,
Tarrade, _
Yamamoto 1 supported by High Energy Theory
EGamma 1 supported by US ATLAS Operations
Performance || supported by Nuclear Physics

Snyder, Tarrade ___graduate student (supervised by BNL personnel)

lead analyzer or editor
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VS = 7 TeV Physics Papers in 2010 ~ =reewsnwm,

O(1) nb—1 O(10) nb—1 O(100) nb—1 O(1) pp—1 O(10) pb—1
JetEtmiss Observation Azimuthal
Begel, Ma, of Jets Decorrelations
Majewski, Begel, Majewski, In Dijets
Paige’, Pleier Paige’ Begel, Majewski,
Paige’
W (— p)tjet
Cross section
Redlinger
Combined
Muon
A W'’ Search
Assamagan, Inclusive u Adams*
Nikolopoulis, i
Yamamoto Adams*,
Observation Redlinger GlbsE E
of W/Z of tt — £¢
Assamagan, Mete, Pleier,
_II\_IlkoI(C)'poulls, Protopopescu,
arrade, \ Rajagopalan,
Yamamoto 1 supported by High Energy Theory SejargypSnyder
EGamma 1 supported by US ATLAS Operations —'
Performance || supported by Nuclear Physics

Snyder, Tarrade ___graduate student (supervised by BNL personnel)

lead analyzer or editor
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: NATIONAL LABORATORY
VS = 7 TeV Physics Papers in 2010  snoowmnue
O(1) nb—1 O(10) nb—1 O(100) nb—1 O(1) pp—1 O(10) pb—1 O(100) pb—1
JetEtmiss Observation Azimuthal SUSY in |+ Et
Begel, Ma, of Jets Decorrelations Gibbard, Paige’,
Majewski, Begel, Majewski, In Dijets Redlinger
PaigeT, Pleier PalgeT BegeL Majewski’
Paige’ SUSY in £ +j+ Ft
W (— p)+et Paige', Redlinger,
Cross section Snyder
Redlinger
Combined
Muon , Z/y* — s pr
Adams? W'’ Search ,
Assamagan, Inclusive u Adams? Ad_ast , Begel,
Nikolopoulis, ; Paige', Yamamoto
Yamamoto Adams~,
Observation Redlinger Observation
ofW/Z of tt —» £
A WW — ¢
ssamagan, Mete, Pleier,
Nikolopoulis, Protopopescu, Gat_:lfort, Ma,
. Pleier
Tarrade, . Rajagopalan,
Yamamoto 1 supported by High Energy Theory Searcy, Snyder
EGamma I supported by US ATLAS Operations ———— H— ZZ* — ¢¢
Performance || supported by Nuclear Physics
. Assamagan,
Snyder, Tarrade ___graduate student (supervised by BNL personnel) Nikolopoulis.
lead analyzer or editor Tarrade
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JES with Tracks In Jets SRoSKHIME,

® Itis critical to quickly establish the jet energy scale (JES) and Begel,, Ma, Paige
determine its uncertainty for early jet physics measurements

® Initial JES [O(1) nb™'] based on simulation with uncertainties extracted from data vs.
simulation comparisons

® Data-based JES requires significantly more integrated luminosity [©(10) pb™]

® Use charged tracks to establish JES with respect to simulation:

O fraction of jet energy in charged tracks

well known:
® hadronization takes place after

DGLAP evolution _
® pr cut to remove underlying event

this method can extend JES to very
high-pt jets

don’t need high statistics; < 5% JES up to
300 GeV with ©(100) nb~*

developed by BNL,; collaborating with LBNL Tl

will be included in initial estimate of JES
as confirmation of overall uncertainty

ATLAS Preliminary
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Sum P, of tracks within AR < 0.6 of jet [GeV]
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Ag In Dijet Events BROOKHAUEN

. . . .'-
3 Azimuthal angle between two leading central jets sensitive to Begel, Majewski , Paige
higher-order QCD radiation without explicitly measuring additional jets
test pQCD up to O(as)
validate MC event generators such as Alpgen & Sherpa = important for searches
input into Pythia tune

Ab=m . ., & °F | |
Yo Set1 S t  anti-k,D=0.6jets
Shape measurement { / g r leading jet p _>250 GeV
(no uncertainty from S | secondleadingjetp >100 GeV /
: c o leading two jets have |y|<0.5
Iuml.nosr!:y or abSOIUte 10° —  Alpgen+Herwig @ \'s=10 TeV
eff|C|enC|eS) - = sum of contributions %
limited sensitivity to JES - — 2 parton contributions
3 parton contributions
' — 4 parton contributions
D |nitiated and led by BNL 10% |- 25 parton contributions
® Collaborating with Louisiana
Tech, SMU, Stony Brook, i
Toronto, UC London ok
working with 6 students -
two Ph.D. theses -
(Stony Brook, Toronto) N Pz
| 2 2113 5176 T

Ap

radians
dijet ( )

3 Future Activities
re-analyze with precision JES and [O(100) pb~*]

extend observable into SUSY search [O(0.1 — 1) fb_l]
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‘Muon Production

BROOKHIAEN

NATIONAL LABORATORY

3 The inclusive muon spectrum is key measure of performance

and physics

single, double, and multiple muon spectra binned in

several kinematic observables

interpret in terms of Standard Model processes

® c,b,W,Z/y*

® model-independent search for new physical

phenomena (high pr and my)
study correlations with E
in collaboration with LBNL & Rome

30

Adams t Redllnger

20—

Entries/0.080 [GeV]

151

T TTTT

10

F— ML Fit

5=

—
ATLAS Prellmlnary

25 r - Data with Poisson Errors

| B

um

OAA L1

P R |

24 26 28 3 32 34 36 38
Invariant Mass Py [GeV]

- ———rrrr Adams
A / | |

W' Search : E’ ’ e Wopuv[iTeV] |
BNL concentrating on pu+ Er channel g 'Es v Wopv[2TeV]
contributing to measurements of 2 i feete = Woupv ]
muon trigger and reconstruction ;%_10 S . ° i
efficiency 5 _T T . . s Dilets _;
studying mis-reconstructed muons © !vv H (? wv-v-v-vf'-v-v-’“"'#"'},' "{""";v-v., _ ATLAS -
that make a fake W' Wil f pﬁ é!-& it ¢ *ﬁ'-v . ~
= o 10°; , hetey | it
Adams? is editor for this paper - | . -

in collaboration with Athens, CERN, 104 4, diay $ 1

Saclay, TRIUMF, Wisconsin F f TR TH H +

10°EL 1 . H d + dod H A T I A A B A 1 N B A
0.5 1 15 2 . 3
My [TeV]
Michael Begel BNL Contributions to ATLAS Physics May 20, 2010 7



Muon Production BROOKHREN

® W +jets in the muon decay channel Redlinger
O heavy flavor backgrounds = interesting for p+jet analyses including SUSY

® Z/~* — "~ Production Adams *, Begel, Paige T,Yamamoto
O pr spectrum sensitive to initial-state radiation
% test pQCD connection with Kilgore from

® input for Pythia tunes BNL HEP Theory Group
O measure do/dpt in mass bins

O collaborating with lowa State; Yamamoto’s Ph.D. thesis effort

® High pr low-mass Drell-Yan equivalent Adams *, Begel, Paige’
to direct photons via v* — u ™ = o s e e
O ~y*+jet provides clean calibration signal for 2 ¢ [Jbb - p6pax 7
low pr jets [O(200) pb~*] g I Qorect onia. -
O J /+p+jet useful for low pr jet JES 5 1p -
_8 - -

,V* ja 10—15—

connection with Kilgore from , I

BNL HEP Theory Group 10

g q 2 3 4 5 6 7 8 9 10 11 12

Mass (GeV)
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Dilepton t t Cross Section

BROOKHIAEN

NATIONAL LABORATORY

3 The LHC is a top factory!
likely to see signatures of new physics

significant background to new physics (e.g., SUSY)

Assamagan , Koch, Mete,
Patwa, Pleier, Protopopescu |,
Rajagopalan , Searcy, Snyder

BNL experienced in top physics from our D@ efforts

BNL concentrating right now on dilepton decay channel

data quality, luminosity, trigger efficiency, fake rates, and impact of pile-up events

in collaboration with Bonn, Glasgow,
lowa State, UC Irvine, New York U.,
Oregon, Toronto, Stockholm, Yale
Mete’s Ph.D. thesis effort

Leverage experience with electrons,
muons, and hadronic 7’'s

= Increase sensitivity to new physics
such as charged Higgs boson

lepton + isolated track

® collaborating with lllinois & Oregon
® Searcy’s Ph.D. thesis effort

lepton + hadronic 7

® working on 7 selection criteria

® with Simon Fraser & LaTech

Longer-term interests [O(1) fb™]:
search for tt resonances

ﬂ 400;—' |||||||||||||||||||||||||||||||||||||| I_;
C 3506 E tt dilepton =
N -
LI>J 3001 Bione =
250 . single top =
200 — Z+jets E
150 _ =

— —wijets
100:— =
o —WW/WZ/2Z S

C ATLAS .

:I T R %_Iﬁ e R B |:

% 1 2 3 4 5 6 7 8 9 1

eu, \/_—10TeV [ﬁ 200pb !

Number of Jets

test for lepton universality in tt decays; with Johannesburg — Koch’s Ph.D. thesis effort

0

Michael Begel
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. Search for SUSY SmpaNunYEn,

® The search for SUSY has been a focus SUSY Group Co-Convener: Redlinger
of BNL since earliest days of ATLAS Begel, Majewski , Gibbard , Paige !

® Concentrate on ¢+jets+ 4 channel

-1

o T E
® good reach prospects o [ detllepen AR EH SUerS
O better controlled background systematics 10° 5 10 TeV v
discovery sensitivity beyond Tevatron 2 s F
from 50 pb~* onwards 207 v Z
® QCD light jets
_dri . QCD b jets
® Study data-driven background methods: % Tihees

O tt in dilepton and ¢+jets decay channels
O ~+jets to estimate W +jets background

—o
1—|'|'|'m— | IIIIIII| | IIIIIII| 1 IIIIIII| 1

0o ??w‘?(???? 5

O estimate Er shape from heavy-flavor 1 2 T
muon pr spectrum g W o3
© in collaboration with Indiana g AR S e e s R
Transverse Mass [GeV]
- . ; BN N UL UL UL LU UL UL UL UL
® Extend QCD dijet azimuthal decorrelation L i
. oy . 10°E o 5Ol = truth BG 3
measurement to increase SUSY sensitivity : 1. truth BG+SUSY -

in jets+E+ channel Lo Otruth SUSY

-+ @ est. BG

10 N E

® Exploring collaboration with BNL theory 1 aias ]
group on V +jets production L |

© understanding sources of theoretical Ay

uncertainties 1 H Jﬁ
_l?lll\\\\‘\\\\‘\\\\‘\\\\‘\\ll'ﬁ\_'ll\\lllllllm
0 100 200 300 400 500 600 700 800 900 1000
Missing E. [GeV]
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Dilepton WW BRODKHAVEN

® WW cross section is a key Standard Model measurement Gadfort , Ma, Pleier

O important background for Higgs search
O promising discovery potential through resonances and gauge couplings

® BNL concentrating on dilepton channel:

O lepton fake rates (synergy with tt__measurements)

O exploring b jet veto to suppress tt backgrounds (utilizes expertise developed on D)
O also looking into Er significance

O working in collaboration with Columbia, Duke, Michigan

O Ma edited the /s = 14 TeV public note

@

L] T T T T T T | L] L) I T 1 I =
® WW + Background y
ATLAS — All Backgrounds .

@(100) pb~*: first cross section

want O(1) fb~* for searches

plan to introduce matrix element
calculations developed on D@ for similar
analysis

® long-term interest in jet reconstruction
algorithms to identify highly boosted jets

coming from W or Z decays i - e
connection with Davoudiasl and i Z | . | _J- IT
Soni from BNL HEP Theory Group 1oL Bei e = Bt [ NyNet | 18
20 40 60 80 100 120 140 B
p, () [GeV]

@@

events / 5GeV / 1fb™
3

¢
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Search for the Higgs Boson SROMHEMEN,

3 The search for the Higgs Boson is a focus Higgs Group Co-Convener: Assamagan
of our long-term plans for physics at ATLAS Assamagan , Lee, Nikolopoulis , Patwa,
Protopopescu , Tarrade
® Near Term [up to O(1) fb™!]
understand backgrounds to Higgs production
® sensitivity studies for H — WW — 04+ E+
® data-driven Z — (¢+fake leptons background

estimation for H — ZZ — 200¢
Leptogenic SUSY

® search in multi-lepton/multi-jet final states 4
® viability of H — bb

® in collaboration with Tufts & York
HE — xTx° — 000+ By +jets

Combination of 0j and 2j, H to WW to Il
m, =130 GeV o

o

1 fb™

~l

m, =160 GeV v
m, =170 GeV *

Significance
[=2)

(3]

_IIII|IIII|!III|IIII|III|EIIII|IIII|IIIII

® in collaboration with Arizona and Uppsala 1 ATLAS preliminary estimate
L cee by by by oy sy
connections with 2 4 = w7z M
- _1, Dawson & Kilgore \s(TeV)

% Medium/Long Term [O(1 — 2)fb™!] fro;,anNL HE'F? S L
- lH-zzr - ATLAS 3

H — 77* s 0000 o Theory Group g i gz zz* -4 e
® includes search forH — Z'Z _ 5 16F MEzbb J- =
® in collaboration with Albany, ICTP, Indiana, g 14" =
Johannesburg, Yale S E

® Lee’s Ph.D. thesis effort E E
H—7r Yy 6F E
® 7Z — 77 is a significant background b E
® studying data-driven background techniques 25 -
® uses our D@ expertise in 7 performance f00~110" 120 130 140 150 160 170 180 190 20C

m,, [GeV]
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‘Summary SooOeEN,

3 BNL has successfully leveraged its long-term contributions to the detector, operations,
software, and performance into a strong physics effort

recognized by ATLAS with co-convenership of 3 out of 8 physics groups:
Higgs: Assamagan (2008-10) SUSY: Redlinger (2009-11) Heavy lons: Steinberg!l (2008-10)

chosen by ATLAS to edit and review papers

leading two high priority physics papers
® Azimuthal Decorrelation in Dijet Events
® Search for W’ Production

3 ATLAS has demonstrated excellent detector performance with collision data at
v/S = 0.9 and 7 TeV and is ready to explore the new energy frontier

3 BNL well positioned to take advantage of FY10 — 11 data
experts in jet, electron, muon, and tau performance
access to BNL analysis & software expertise and computing resources has been
invaluable for analyzing the early data

3 We have formed strong collaborations for physics analysis

with 19 US institutions (44% of US ATLAS) and 17 foreign institutions
BNL analysis Jamborees provide a useful venue for developing collaborations
strong connections with BNL theorists

3 The energy frontier is the most fertile ground for discovery physics in the coming decade
Exotics in dilepton final states
SUSY in /+jets+E+ and jets+F+
Higgs in £ii+ Er +jets, ¢044, and 77 final states

Michael Begel BNL Contributions to ATLAS Physics May 20, 2010 13



Additional
Information




‘Collaborating Institutions SRoSKHIME,

Institutions with which we actively collaborate on physics analyses

® State University of New York, Albany (Higgs) @ Athens W)
& University of Arizona (Higgs) ® Bonn (tt — £2)
® University of Chicago @Jets) @ CERN W)
g Columbia University (WW — £0) g EE%Y Emin l;iasg
Duke University (WW — £0) reiburg min bias
® U. of lllinois, Urbana-Champagne (tt — £+track) ® Glasgow (min bias, tt — £¢)
® |ndiana University (SUSY, Higgs) @ Johannesburg (tt, Higgs)
® Jowa State University (Z/v* — pp, tt — £0) ® cTP (W)
® Uuniversity of California, Irvine (tt — £0) ® Rome (Muons)
g Louisiana Tech University (dijet Ag, tt — 70) g g'adayp i (Wg
LBNL (Jets, Muons) Imon Fraser tt — 7
® university of Michigan (WW — £0) ® Sstockholm ) (tt — £)
g New York University (tt — £0) g -'I[(Ezrﬁjllt/cl)F (dijet Ag,tt —(>V\l;§;
University of Oregon (tt — ¢+track) _ _
¢ SouthernyMethodgist University diet ap) @ University College London (min bias, dijet Ag)
® State University of New York, Stony Brook (dijet A¢) g Uppsala (Higgs)
S Tufts (Higgs) York (Higgs)
@ University of Wisconsin (W)
® vale (tt — ¢¢, Higgs)

Michael Begel BNL Contributions to ATLAS Physics May 20, 2010 15



	BNL Physics Analysis on ATLAS
	First Collisions to First Papers
	$�f sqrt {s}=7$ TeV Physics Papers in 2010
	$�f sqrt {s}=7$ TeV Physics Papers in 2010
	$�f sqrt {s}=7$ TeV Physics Papers in 2010
	$�f sqrt {s}=7$ TeV Physics Papers in 2010
	$�f sqrt {s}=7$ TeV Physics Papers in 2010

	JES with Tracks in Jets
	$Delta �f phi $ in Dijet Events
	Muon Production
	Muon Production
	Dilepton $�f t�ar {t}$ Cross Section
	Search for SUSY
	Dilepton $mathbf {WW}$
	Search for the Higgs Boson
	Summary
	Additional\ Information
	Collaborating Institutions

